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(57) ABSTRACT

The present invention provides a semiconductor integrated
circuit device in which characteristics of an SOI transistor are
elfectively used to achieve higher speed, higher degree of
integration, and also reduction 1n voltage and power con-
sumption. The semiconductor integrated circuit device
according to the present mvention has a configuration 1n
which a plurality of external power supply lines and body
voltage control lines are alternately arranged 1in one direction
so as to extend over the entire chip, which supply power and
a body voltage to logic circuits, an analog circuit and memory
circuits. A body voltage control type logic gate 1s fully applied
in the logic circuit, whereas the body voltage control type
logic gate 1s partially applied in the memory circuit.

9 Claims, 16 Drawing Sheets
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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE

RELATED APPLICATIONS

This application 1s the U.S. National Phase under 33 U.S.C.
§371 of International Application No. PCT/JP2008/067011,
filed on Sep. 19, 2008, which 1n turn claims the benefit of
Japanese Application No. 2007-257068, filed on Oct. 1, 2007,
the disclosures of which Applications are incorporated by
reference herein.

TECHNICAL FIELD

The present invention relates to a semiconductor integrated
circuit device, and more particularly, to a semiconductor inte-
grated circuit device having a low-voltage power down mode
and a normal operation mode.

BACKGROUND ART

In recent years, the microprocessing technology 1s pro-
gressing for achieving higher speed and higher degree of
integration of a semiconductor integrated circuit device.
Along with this, variations 1n process, voltage and tempera-
ture (PVT) atfect device characteristics more remarkably, and
accordingly the technology of controlling an intluence on the
characteristics 1n an entire circuit against such variations
becomes more and more important. Moreover, driving volt-
age becomes reduced along with the advance of technology,
which results 1n a further increase in fluctuations of device
characteristics which result from variations in PV'T.

Against this background, a silicon-on-insulator (SOI)
device 1s recerving attention in recent years. Particularly 1n
the area of mobile devices, 1t becomes extremely important to
reduce voltage and power consumption without sacrificing,
required performance. Under the circumstances, a limitation
1s being posed on scaling of a threshold value 1n a bulk silicon
device, and hence 1t 1s difficult to make improvement 1n
performance and operation with reduced power consumption
compatible with each other 1n terms of leakage current.

For this reason, in the SOI device, a MOS transistor 1s
formed on a thin silicon single crystal layer (SOI layer) dis-
posed on a silicon oxide film (buried oxide film). As a result,
not only side surfaces but also a bottom surface of a transistor
active region 1s covered with the silicon oxide film. Therefore,
compared with a MOS ftransistor formed on a bulk silicon
substrate, PN junction area 1s reduced, and parasitic load
capacitance 1s reduced by a larger amount, which enables
high-speed operation and low-consumption-power opera-
tion.

This SOI device has a characteristic that a channel region
(heremaftter, referred to as floating body, or merely as body) of
a transistor 1s brought 1nto an electrically floating state. One
whose floating body 1s Tully covered with a depletion layer
during operation 1s referred to as a fully-depleted transistor,
whereas one whose floating body includes a remaining region
which 1s not depleted during operation 1s referred to as a
partially-depleted transistor.

As to a partially-depleted transistor, for example, Patent
Document 1 discloses a method of forming transistors having
threshold values different from each other.

The partially-depleted transistor 1s only required to be
tormed on an SOI layer which 1s relatively thick, and thus has
a characteristic that 1t 1s manufactured relatively with ease
because substantially the same process as a typical bulk
CMOS process 1s applied thereto.

10

15

20

25

30

35

40

45

50

55

60

65

2

Further, 1n the partially-depleted transistor, there 1s ire-
quently used a mode of fixing a body potential by attaching an
clectrode to a body (body-fixing) to be used in a substrate-
fixed mode similar to that of the bulk device. In this case,
though static characteristics of the transistor are sub Stantially
the same as those of the bulk CMOS device, there 1s an
advantage that it 1s possible to use the same platform (EDA
tool, setting environment, library and IP) as that of the bulk
CMOS device. Further, there 1s another advantage that the
partially-depleted transistor operates at speed hi gher than the
bulk CMOS device by 10 to 20% because an effect of reduc-
ing a parasitic capacitance 1s the same as that of the SOI
device.

In contrast, in the fully-depleted transistor, there 1s no
parasitic substrate capacitance below a gate electrode
because a body 1s fully depleted, and thus speedup 1s expected
turther. However, the fully-depleted transistor needs to be
formed on a thin SOI layer for fully depleting the body, and
thus 1s not put to practical use from the viewpoints of pro-
cessing technology and the like.

Patent Document 2 discloses a transistor which 1s brought
into a tully-depleted mode during a circuit operation during
which an ON state and an OFF state are repeated and brought
into a partially-depleted mode during stand-by operation, 1n
which switching between the modes 1s controlled by a voltage
applied to a back gate electrode.

Patent Document 1: Japanese Patent Application Laid-
Open No. 2002-16260 (FIGS. 4 and 3)

Patent Document 2: Japanese Patent Application Laid-
Open No. 11-261072

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

As described above, the reality 1s that the tully-depleted
transistor 1s not put to practical use but, as to a semiconductor
integrated circuit device after a 45-nm generation 1n which a
gate length of a transistor 1s approximately 45 nm, 1t 1s pre-
dicted that a fully-depleted transistor will appear on the mar-
ket. Therefore, 1t 1s concervable that higher speed and higher
degree of mtegration will be achieved. In addition, 1t 1s pre-
dicted that increasing demands will be made upon reducing
voltage and consumption power along with increasing speed
and a degree of integration, but a semiconductor integrated
circuit device capable of satistying those demands has not
been achieved.

The present invention has been made to solve the above-
mentioned problem, and therefore an object thereof 1s to
provide a semiconductor integrated circuit device which
elfectively uses characteristics of an SOI transistor and suc-
cessiully reduces voltage and consumption power as well as
increases speed and a degree of integration.

Means to Solve the Problem

In one embodiment of the present invention, a MOS tran-
sistor 1n which a depletion state of a body changes due to a
change 1 power supply voltage 1s used, whereby a logic gate
capable of obtaining the same delay time with respect to two
different power supply voltages 1s achieved. A body voltage
control type logic gate 1s fully applied 1mn a logic circut,
whereas 1n a memory circuit, a body voltage control type
logic gate 1s applied to a logic circuit contained therein.

Eftects of the Invention

According to the above-mentioned embodiment, all opera-
tions are performed at 1.2 V during a normal operation, and
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power supply voltage 1s reduced to 0.8 V 1n a preset operation
state, whereby 1t 1s possible to reduce power of main logic
circuits.

These and other objects, features, aspects and advantages
of the present invention will become more apparent from the
tollowing detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing a configuration of a
semiconductor integrated circuit device according to a first
embodiment of the present invention.

FIG. 2 1s a cross-sectional view schematically showing an
operating state of a partially-depleted transistor.

FIG. 3 1s a cross-sectional view schematically showing an
operating state of a fully-depleted transistor.

FI1G. 4 1s a figure showing simulation results of oscillator
characteristics of a ring oscillator composed of nverters
using the partially-depleted transistor and the fully-depleted
transistor.

FIG. 5 1s a view schematically showing a state in which a
body changes from a partially-depleted state to a fully-de-
pleted state when power supply voltage changes.

FIG. 6 1s a view schematically showing a state 1n which the
body changes from the partially-depleted state to the tully-
depleted state when the power supply voltage changes.

FIG. 7 1s a diagram showing a configuration of a body
control oscillator.

FIG. 8 1s a figure showing simulation results of a frequency
characteristic of the body control oscillator.

FI1G. 9 1s a plan view showing a specific example for body
fixing of a MOS transistor.

FIG. 10 1s a cross-sectional view showing a specific
example for the body fixing of the MOS ftransistor.

FIG. 11 1s a perspective view showing a specific example
tor the body fixing of the MOS transistor.

FIG. 12 1s a cross-sectional view showing a specific
example for the body fixing of the MOS transistor.

FIG. 13 1s a block diagram showing a configuration of a
self-correcting reference voltage generating circuit according
to a second embodiment of the present invention.

FIG. 14 1s a block diagram showing a configuration of a
seli-correcting reference voltage generating circuit according
to a third embodiment of the present invention.

FIG. 15 1s a circuit diagram showing a configuration of a
phase comparator.

FIG. 16 1s a diagram showing a configuration of a body
control oscillator composed of gate-body-directly-connected
transistors.

FIG. 17 1s a plan view showing a specific example for
connecting a gate and a body of the MOS transistor.

FIG. 18 1s a perspective view showing a specific example
for connecting the gate and the body of the MOS transistor.

FIG. 19 1s a view schematically showing a state 1n which
the body of the MOS transistor having a gate-body-directly-
connected structure changes from a partially-depleted state to
a Tully-depleted state when power supply voltage changes.

FIG. 20 1s a view schematically showing a state in which
the body ol the MOS transistor having the gate-body-directly-
connected structure changes from the partially-depleted state
to the fully-depleted state when the power supply voltage
changes.

FIG. 21 15 a block diagram showing a configuration of a
modification of a semiconductor integrated circuit device
according to the present invention.
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4

FIG. 22 1s a block diagram showing a typical configuration
in a case where an SOC circuit in which a logic circuit and the
like are incorporated 1s supplied with power.

FIG. 23 1s a block diagram showing a configuration of a
semiconductor imntegrated circuit device according to a fourth
embodiment of the present invention.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

The term “MOS” has been previously used for the lami-
nated structure of metal, oxide and semiconductor, which 1s
an acronym for Metal-Oxide-Semiconductor. However, par-
ticularly 1n a field effect transistor having the MOS structure
(heremafiter, merely referred to as “MOS transistor’”), mate-
rials for a gate insulating film and a gate electrode are
improved in terms of higher degree of integration or improve-
ment ol a manufacturing process these days.

For example, in the MOS transistor, mainly in terms of
forming a source and a drain in a self-alignment manner, a
polycrystalline silicon has been employed as a material for a
gate electrode in place of metal. In addition, in terms of
improving electric characteristics, a material having high
dielectric constant 1s employed as a material for the gate
insulating {ilm, but the material 1s not necessarily limited to an
oxide.

Therefore, the term “MOS” 1s not necessarily employed by
being limited to the laminated structure of metal, oxide and
semiconductor, and such limitation 1s not pre-assumed
herein. That 1s, in view of common general technical knowl-
edge, “MOS” 1s not only used as an abbreviation which arises
from a word origin thereof, but also has a broad definition
including the laminated structure of conductor, insulator and
semiconductor as well.

A. First Embodiment

FIG. 1 1s a view showing a layout 1 plan view of a semi-
conductor integrated circuit device 100 according to a first
embodiment of the present invention.

As shown 1n FIG. 1, the semiconductor integrated circuit
device 100 includes a plurality of logic circuits LC, an analog
circuit AC, and a plurality of memory circuits MC, which are
disposed on the same chip, and a plurality of pad electrodes
PD are disposed along an edge of the chip so as to surround
those. The plurality of pad electrodes PD are broadly classi-
fied 1nto ones for supplying power supply voltage from the
outside, ones for controlling body voltage, and ones which
serve as a signal iput portion.

The logic circuit LC 1s equipped with a central processing,
unmt (CPU), various intellectual properties corresponding to
uses such as image processing and network processing, while
the analog circuit AC 1s equipped with an analog/digital con-
verter, a digital/analog converter, an interface circuit, a phase/
delay locked loop (PLL/DLL) and the like.

The memory circuit MC 1s disposed so as to be adjacent to
the logic circuit LC, which holds data provided from the logic
circuit LC and the like and also outputs the held data to the
logic circuit LC and the like.

Further, a plurality of external power supply lines GL (1n-
cluding a grounding line) and body voltage control lines BLL
are alternately arranged 1n one direction so as to extend over
the entire chip, which are configured to supply power and
body voltage to the logic circuits LC, the analog circuit AC
and the memory circuits MC.
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Note that a body voltage control type logic gate which will
be described below 1s fully applied n the logic circuit LC,
while body voltage control type logic gate 1s partially applied
in the memory circuit MC.

Next, with reference to cross-sectional views 1n a direction
along a gate length, which are shown 1n FIG. 2 and FIG. 3, a
partially-depleted transistor and a fully-depleted transistor
will be described.

FI1G. 2 schematically shows a state of a body BR, which 1s
formed on an SOI substrate (a buried oxide film BX and an
SOl layer SI are laminated on a silicon substrate SB 1n order),
during operation of an N-channel partially-depleted transis-
tor, and there 1s a characteristic that aregion (P~ region) which
1s not depleted remains 1n the deepest part of the SOI layer SI
sandwiched between source/drain layers SD (N™) in a case
where a predetermined gate voltage 1s applied to a gate elec-
trode GT.

On the other hand, FIG. 3 schematically shows a state of
the body BR during operation of an N-channel fully-depleted
transistor, which 1s formed on the SOI substrate, and there 1s
a characteristic that the body BR 1s fully depleted when a
predetermined gate voltage 1s applied to the gate electrode
GT.

FI1G. 4 shows simulation results of oscillator characteristics
by individually using the N-channel partially-depleted tran-
sistors and fully-depleted transistors having the above-men-
tioned characteristics to form a ring oscillator composed of a
plurality of inverters. Note that this simulation was performed
by, in the above-mentioned two types of transistors, adding an
clectrode for body fixing to fix a body potential.

In FIG. 4, a horizontal axis represents a body voltage (V),
a vertical axis represents an oscillation frequency (MHz), a
characteristic C1 represents an oscillatior characteristic of the
ring oscillator composed of the partially-depleted transistors,
and a characteristic C2 represents an oscillator characteristic
of the ring oscillator composed of the fully-depleted transis-
tors.

As shown 1n FIG. 4, the body 1s fully depleted 1irrespective
of the body voltage 1n the fully-depleted transistor, and thus a
frequency characteristic of the oscillator hardly depends on
the body voltage and the oscillation frequency 1s almost con-
stant at 232 MHz.

In contrast to this, a semiconductor layer remains in the
body of the partially-depleted transistor, whereby the body
voltage 1s applied to the entire transistor through that region.
For this reason, the oscillation frequency considerably
depends on the body voltage, and as indicated by the charac-
teristic C1, the oscillation frequency increases along with an
increase 1n body voltage until the body voltage reaches 0.7 V.

Here, as to the characteristic C1, the oscillation frequency
starts decreasing when the body voltage exceeds 0.7 V. This 1s
because a diode 1s turned on between the body and the source/
drain layers, whereby a forward current starts flowing from
the P~ region to an N™ layer.

Typically when body fixing 1s performed, the body voltage
1s ixed to the ground level (0 V) 1n the case of the N-channel
MOS ftransistor, and accordingly the oscillation frequency
becomes lower compared with the fully-depleted transistor.
However, FIG. 4 reveals that the oscillation frequency (oper-
ating speed) becomes higher compared with the fully-de-
pleted transistor when the body voltage 1s increased to a

positive voltage, and accordingly a characteristic thereof 1s
reversed.

It 1s concervable that 1n a case of the N-channel MOS
transistor, this 1s because a threshold voltage of the transistor
drops when a body voltage rises to a positive voltage, and thus
current flowing between the source and the drain increases,
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and because a weak PN forward current flows from the body
to the source, and thus characteristics of a bipolar element are
started to be exhibited. Note that in a case of a P-channel MOS
transistor, 1t 1s possible to increase an oscillation frequency
(operating speed) by applying a voltage lower than a power
supply voltage.

The mventor has arrived at a technical 1dea that transistors
which change from a partially-depleted state to a fully-de-
pleted state are used with the use of this characteristic, to
thereby constitute a logic gate capable of keeping an operat-
ing speed even 11 an operating voltage 1s changed.

FIG. 5 and FIG. 6 show a state 1n which the body changes
from the partially-depleted state to the fully-depleted state
when the power supply voltage changes. FIG. 5 schematically
shows the body BR during operation of an N-channel MOS
transistor 1n a case of a power supply voltage Vdd2 being 0.8
V. In a case where gate voltage within a range o1 0V to Vdd2
1s applied to the gate electrode GT, aregion (P~ region) which
1s not depleted remains 1n the deepest part of the SOI layer SI,
whereby the body BR i1s brought into the partially-depleted
state. When the power supply voltage 1s low as described
above, the depletion layer 1s difficult to spread, whereby a
non-depletion region 1s formed 1n the deepest part of the body.

On the other hand, FIG. 6 schematically shows the body
BR during operation of the N-channel MOS transistor in a
case ol a power supply voltage Vddl being 1.2 V. In a case
where gate voltage within a range of 0V to Vddl1 1s applied to
the gate electrode G'1, the depletion layer spreads, whereby
the body BR 1s brought into the fully-depleted state.

FIG. 7 shows a body control oscillator which 1s formed by
using transistors whose body changes from the partially-
depleted state to the fully-depleted state due to a change 1n
power supply voltage so as to control the body voltage.

As shown in FIG. 7, the body control oscillator has a form
of a nng oscillator in which a plurality of, for example, 101
inverters IV are connected 1n a ring shape, and each of the
iverters IV 1s composed of a P-channel MOS transistor
(PMOS transistor) and an N-channel MOS transistor (NMOS
transistor) N'T which are inverter-connected.

The PMOS transistor PT 1s configured so that a source
thereof 1s supplied with a power supply voltage Vdd from the
outside and a body thereot 1s fixed to a voltage VP, and the
NMOS transistor N'T 1s configured so that a source thereof 1s
grounded (GND) and a body thereot 1s fixed to a voltage V.
Note that in the PMOS transistor PT and the NMOS transistor
NT, a thickness of the SOI layer and a channel dose are set
such that the body thereof changes from the partially-de-
pleted state to the fully-depleted state by changing the power
supply voltage.

As a specific example, polysilicon 1s used as a matenal for
the gate electrode, N-type impurities are imntroduced 1nto the
gate electrode of the NMOS transistor NT, and P-type impu-
rities are introduced into the gate electrode of the PMOS
transistor P'T. In a case where the thickness of the SOI layer 1s
100 nm and the thickness of the buried oxide film 1s 380 nm,
it 1s possible to obtain the MOS transistors having the above-
mentioned characteristics by setting the channel dose to
5%10"°/cm” to 1x10"’/cm’. Note that under the above-men-
tioned conditions, 1n a case where the channel dose 1s less than
5x10"°/cm’®, the fully-depleted transistor is obtained,
whereby a state change due to a change 1n power supply
voltage cannot be obtained. On the other hand, 1n a case where
the channel dose is more than 1x10'’//cm’, the partially-
depleted transistor 1s obtained, whereby a state change due to
a change in power supply voltage cannot be obtained.

The body control oscillator having the configuration as
described above 1s capable of achieving a frequency charac-
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teristic as shown 1n FIG. 8. That 1s, FIG. 8 shows simulation
results, where a horizontal axis and a vertical axis represent a
power supply voltage (V) and an oscillation frequency
(MHz), respectively. With the power supply voltage of
approximately 1 V being as a border, there 1s provided such a
discontinuous characteristic that the partially-depleted mode
1s obtained at voltage lower than that and the fully-depleted
mode 1s obtained at voltage higher than that.

In the partially-depleted mode, the oscillation frequency

rapidly rises when the power supply voltage 1s between 0.5V
and 0.6V, and reaches 232 MHz at 0.8 V. On this occasion, the

body voltage VP 1s the power supply voltage (Vdd)-0.8 V,
and the body voltage VN 1s set to 0.8 V.

The oscillation frequency rises 1f the power supply voltage
1s Turther raised, but 1t 1s brought 1nto the fully-depleted mode
when the power supply voltage 1s approximately 1V, and the
oscillation frequency temporarily falls below 232 MHz.

In the fully-depleted mode, the oscillation frequency i1s
determined by the power supply voltage without being
aiffected by a body potential, and when the power supply
voltage reaches 1.2 V, the oscillation frequency reaches 232
MHz and then further increases.

As described above, when the MOS transistors in which
the depletion state of the body changes 1n a discontinuous
manner due to the change 1n power supply voltage are used, 1t
1s possible to obtain an oscillator in which there are two spots
having the same frequency (232 MHz in the simulation of
FIG. 8) irrespective of different power supply voltages.

This means that 1t 1s possible to achieve a logic gate capable
of obtaining the same delay time with respect to two different
power supply voltages, whereby it 1s possible to achieve
power reduction by applying the body voltage control type
logic gate as described above to the semiconductor integrated
circuit device 100 shown 1n FIG. 1.

That 1s, the body voltage control type logic gate 1s fully
applied 1n the logic circuit LC, and the body voltage control
type logic gate 1s applied to a logic circuit (not shown) con-
tained in the memory circuit MC, where the all operations are
performed at 1.2 V during the normal operation, and the
power supply voltage 1s reduced to 0.8 V 1n the preset oper-
ating state. Accordingly, 1t 1s possible to reduce power of the
main logic circuits.

Here, the preset operating state refers to a case where, 1n a
mobile device or the like, displaying on a display using a
graphic memory 1s stopped but an application processing 1s
continued 1nside thereof. Conventionally 1 such a case,
though the memory circuit stops the processing such as a
low-voltage data retention operation and a display operation,
the logic circuit needs to continue operating as normal. How-
ever, as described with reference to FIG. 8, 1t 1s possible to
achieve the logic gate capable of obtaining the same delay
time 1f the power supply voltage 1s 1.2V or 0.8 V by using the
MOS ftransistor 1n which the depletion state of the body
changes due to a change in power supply voltage. Accord-
ingly, even 1n a case where a voltage supplied to the chip 1s
equally lowered from 1.2 V to 0.8 V, 1t 1s possible to keep a
low-voltage data retention operation 1n the memory circuit
and execute an operation even 1n the logic circuit.

A specific configuration for body fixing 1s now described
with reference to FIG. 9 to FIG. 12.

FIG. 9 1s a plan view of the MOS transistor when viewed
from above the gate electrode G'T, where the body 1s located
in the region below the gate electrode GT sandwiched
between the source/drain layers SD, and a part thereof
extends up to an outside of one end of the gate electrode GT
in a direction along a gate width to be exposed as a body
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contactregion BCR. A body contact BC is connected to body
contact region BCR, whereby the body potential 1s fixed.

FIG. 10 shows a cross-sectional configuration taken along,
the A-A line shown 1n FIG. 9.

As shownin FIG. 10, an activeregion of the SOI layer SI on
the buried oxide film BX of the SOI substrate 1s defined by a
trench 1solation film FT, and the source/drain layers SD and
the body BR are formed 1n the active region. The gate elec-
trode G'T 1s disposed on the body BR through a gate insulating
film GX, and the gate electrode GT 1s supplied with a control
voltage through a gate contact GC.

FIG. 11 1s a perspective view showing other configuration
example for body fixing. Although FIG. 11 1s the same as the
case of FIG. 9 1n that the body BR 1s located 1n the region
sandwiched between the source/drain layers SD, which 1s
directly below the gate electrode GT, the body BR not only
extends to the outside of the one end of the gate electrode GT
in the direction along the gate width but also extends so as to
surround the source/drain layers SD. This part becomes the
body contact region BCR, and the body contact BC 1s con-
nected to the body contact region BCR, whereby it 1s possible
to 11x the body potential.

FIG. 12 shows a cross-sectional configuration taken along,
the B-B line shown 1n FIG. 11.

As shown 1n FIG. 12, the active region of the SOI layer SI
on the buried oxide film BX of the SOI substrate 1s defined by
the trench 1solation film F'I, which has a configuration in
which the body contact region BCR 1s not exposed because
the trench 1solation film FT 1s located 1n the outside of the one
end of the gate electrode GT 1n the direction along the gate
width and also above the body contact region BCR around the
source/drain layers SD. The body contact BC 1s configured to
penetrate through the trench 1solation film FT to be connected
to the body contact region BCR.

As described above, 1t 1s possible to, in the SOI device
whose body may be the SOI layer SI of the SOI substrate,
clectrically separate the body from the semiconductor sub-
strate, which 1s a structure suitable for appropriately setting a
body potential.

B. Second Embodiment

FIG. 13 1s a block diagram showing a configuration of a
self-correcting reference voltage generating circuit 200
according to a second embodiment of the present invention.

The seli-correcting reference voltage generating circuit
200 mainly includes body control oscillators 1 and 2, a phase
comparator 3, a charge pump 3, a loop filter 6 and a reference
voltage generating circuit 7 (correction circuit), and the phase
comparator 3, the charge pump 5 and the loop filter 6 consti-
tute a so-called phase-locked loop (PLL) circuait.

Outputs of the body control oscillators 1 and 2 are respec-
tively fed back to inputs thereof, and are also input to input
portions IN1 and IN2 of the phase comparator 3 as internal
oscillation clocks CLK1 and CLK2, respectively. The phase
comparator 3 compares phases thereol and, in a case where
there 1s a gap therebetween, outputs an up signal (up) and a
down signal (down) as pulse signals for eliminating the gap.

The charge pump 3 has a configuration in which a PMOS
transistor P1 which receives the power supply voltage Vdd by
a source thereotf and an NMOS transistor N1 whose source 1s
grounded (GND) are connected in series, and a connection
node between two transistors serves as an output portion. The
charge pump 3 has a function of supplying the power supply
voltage Vdd to the output portion or a constant current from
GND during only a period during which mput signals are
activated.
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The up signal output from the phase comparator 3 1s sup-
plied as an 1nverted up signal (bar up) to a gate of the PMOS
transistor P1 of the charge pump 5 through the nverter 4,
whereas the down signal 1s supplied to a gate of the NMOS
transistor N1 of the charge pump 5.

The loop filter 6 includes a resistive element R1 whose one
end 1s connected to the output portion of the charge pump 5,
a resistive element R2 whose one end 1s connected to the other
end of the resistive element R1, and a depletion-type NMOS
transistor N2 whose gate 1s connected to the other end of the
resistive element R2, and a connection node between the
resistive elements R1 and R2 serves as an output portion. The
loop filter 6 uses a gate capacitance of the NMOS transistor
N2 1n place of a capacitor, and accumulates and emits charges
in accordance with an output of the charge pump 5, thereby
generating an output signal to the reference voltage generat-
ing circuit 7.

The reference voltage generating circuit 7 includes a com-
parator C1 whose + terminal 1s connected with the output
portion of the loop filter 6, a PMOS transistor P2 having a
source supplied with the power supply voltage Vdd (which 1s
a voltage higher than Vdd2 described below) and a gate con-
trolled by an output of the comparator C1, and a depletion-
type NMOS transistor N3 whose gate 1s connected to a drain
of the PMOS transistor P2. A drain voltage of the PMOS
transistor P2 1s supplied to the body control oscillator 2 as a
reference voltage Vdd2 and 1s also supplied to a — terminal of
the comparator C1. A gate capacitance of the NMOS transis-
tor N3 1s used as a capacitor.

The body control oscillator 1 has a form of a ring oscillator
in which a plurality of, for example, 101 1nverters IV1 are
connected 1n a ring shape. Each of the inverters IV1 1s com-
posed of a PMOS ftransistor P11 and an NMOS transistor
NT1 which are inverter-connected, where a source of the
PMOS transistor P11 1s supplied with the power supply volt-
age Vdd1 and a body thereof 1s fixed to the voltage VP. The
NMOS transistor NT1 1s configured so that a source thereof 1s
grounded (GND) and a body thereof 1s fixed to the voltage
VN. Note that 1n the PMOS transistor PT1 and the NMOS
transistor N'T1, a thickness of the SOI layer and a channel
dose are set such that the body changes from the partially-
depleted state to the fully-depleted state by changing the
power supply voltage, and 1n this case, the power supply
voltage Vddl1 1s set to 1.2 V so as to obtain the fully-depleted
mode, whereby the PMOS transistor P11 as well as the
NMOS transistor NT1 do not depend on the body voltage.

The body control oscillator 2 has a form of a ring oscillator
in which a plurality of, for example, 101 1nverters IV2 are
connected 1n a ring shape. Each of the inverters IV2 1s com-
posed of a PMOS ftransistor P12 and an NMOS transistor
NT2 which are inverter-connected, where a source of the
PMOS transistor P12 1s supplied with the reference voltage
Vdd2 and a body thereof is fixed to the voltage VP. The
NMOS transistor NT2 1s configured so that a source thereof1s
grounded (GND) and a body thereof 1s fixed to the voltage
VN. Note that the power supply voltage Vdd1l of the body
control oscillator 1 1s supplied from the outside of the chip.

In the PMOS transistor P12 and the NMOS transistor N12,
a thickness of the SOI layer and a channel dose are set such
that the body changes from the partially-depleted state to the
tully-depleted state by changing the power supply voltage. In
this case, the reference voltage Vdd2 1s set to 0.8 V, the body
voltage VP of the PMOS transistor P12 1s set to OV, and the
body voltage VN of the NMOS transistor NT2 1s set to 0.8 V
so as to obtain the partially-depleted mode.

In the self-correcting reference voltage generating circuit
200 having the configuration as described above, the up signal
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or the down signal 1s output from the phase comparator 3
when the reference voltage Vdd2 changes and then a phase of
the internal oscillation clock CLLK2, which 1s output from the
body control oscillator 2, changes. For example, 1n a case
where the phase of the internal oscillation clock CLK2 1s
delayed, the phase comparator 3 outputs the up signal, which
then becomes an inverted up signal by the mverter 4 to be
activated, whereby the PMOS transistor P1 of the charge
pump 5 1s turned on during that period. Accordingly, the
power supply current flows into the loop filter 6 through the
PMOS transistor P1, whereby the NMOS transistor N2 serv

ing as a capacitor 1s charged to increase an output voltage. It
1s possible to convert information on phase gap 1nto a voltage
value (charge amount) to be accumulated by using those
circuits, but the charge amount charged in this case 1s a signal
which has a small absolute amount and extremely low driving
performance (high output impedance). Accordingly, the con-
figuration 1s made such that a voltage value corresponding to
the accumulated information 1s output as the reference volt-
age Vdd2 having relatively low impedance by using the ret-
erence voltage generating circuit 7.

The comparator C1 of the reference voltage generating
circuit 7 compares the reference voltage Vdd2 with the output
voltage of the loop filter 6, and outputs a control signal so that
the PMOS transistor P2 1s turned on during a period during
which the reference voltage Vdd?2 1s lower.

When the PMOS transistor P2 1s turned on, the reference
voltage Vdd2 rises to a preset value, 0.8 V 1n this case. When
the reference voltage Vdd2 reaches 0.8 V, the phase of the
internal oscillation clock CLK2, which 1s output from the
body control oscillator 2, becomes equal to the phase of the
internal oscillation clock CLK1, which 1s output from the
body control oscillator 1, whereby the phase comparator 3
stops outputting the up signal.

In contrast, in a case where the phase of the internal oscil-
lation clock CLLK2 is advanced, the phase comparator 3 out-
puts the down signal and operates so as to lower the value of
the reference voltage Vdd2.

As described above, the self-correcting reference voltage
generating circuit 200 makes self-correction such that the
reference voltage Vdd2 1s kept at 0.8 V, and thus 1s capable of
providing the stable reference voltage Vdd2. Accordingly, 1t
1s possible to obtain the internal oscillation clocks CLK1 and
CLK2 having an i1dentical phase.

In a circuit composed of a plurality of inverters as the body
control oscillators 1 and 2, there 1s no guarantee that operation
1s periformed at exactly the same frequency due to process
variations. In order to make correction by absorbing the pro-
cess variations, it 1s an extremely elfective technique to
employ the self-correcting reference voltage generating cir-
cuit 200.

Note that 1n the semiconductor integrated circuit device
100 shown 1n FIG. 1, the self-correcting reference voltage
generating circuit 200 1s provided 1n an internal voltage gen-
erating circuit (not shown) disposed 1n a vicinity of each logic
circuit LC or memory circuit MC. In the internal voltage
generating circuit, there 1s provided a circuit which generates
the power supply voltage Vdd2 supplied to an actual load
based on the reference voltage Vdd2 generated by the seli-
correcting reference voltage generating circuit 200, and the
power supply voltage Vdd2 1s generated based on the cor-
rected reference voltage Vdd2.

In order to make the operating frequencies coincide with
cach other 1n the fully-depleted mode and the partially-de-
pleted mode, accuracy of the power supply voltage of the
logic gate operating 1n the partially-depleted mode 1s 1impor-
tant. In the self-correcting reference voltage generating cir-
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cuit 200, the reference voltage Vdd2 1s corrected so that an
oscillation frequency of the body control oscillator 2 and an

oscillation frequency of the body control oscillator 1 coincide
with each other, whereby 1t 1s possible to obtain the highly
accurate power supply voltage Vdd2.

If the logic gate formed 1n exactly the same manner as the
iverters IV1 and 1V2 constituting the body control oscilla-
tors 1 and 2, respectively, 1s used 1n the logic circuit LC or the
like of the semiconductor integrated circuit device 100, the
logic gate 1s brought 1nto the fully-depleted mode 1n a case of
the power supply voltage of 1.2 V. Therefore, it the oscillation
frequency 1s, for example, 232 MHz, it 1s possible to obtain a
logic gate in which delay time per stage 1s 4 nsec/100=40
psec.

The partially-depleted mode 1s obtained 1n a case where the
power supply voltage 1s 0.8 V, the body voltage VP 1s 0V, and
the body voltage VN 1s 0.8 V, and also in this case, 1t 1s
possible to obtain a logic gate in which delay time per stage 1s
40 psec.

As described above, 1f the self-correcting reference voltage
generating circuit 200 1s used, the power supply voltage Vdd2
for achieving the partially-depleted mode 1s obtained with
high accuracy. Therefore, it 1s possible to obtain a semicon-
ductor integrated circuit device having the same operating
frequency even 1n a case where different power supply volt-
ages are applied thereto.

C. Third Embodiment

FIG. 14 1s a block diagram showing a configuration of a
self-correcting reference voltage generating circuit 300
according to a third embodiment of the present invention.
Note that the same configurations as those of the self-correct-
ing reference voltage generating circuit 200 shown in FIG. 13
are denoted by the same reference symbols, and overlapping
description will be omitted.

The self-correcting reference voltage generating circuit
300 compares the phases of the mternal oscillation clocks
CLK 1 and CLK2, which are output from the body control
oscillators 1 and 2, respectively, by the phase comparator 3
and, 1n a case where there 1s the gap between the phases
thereot, performs an operation to output an up signal and a
down signal for eliminating the gap as a pulse signal correct
the reference voltages VP and VN corresponding to the body
control voltage by a reference voltage generating circuit 7A
(correction circuit) to supply them to the body control oscil-
lator 2, and adjust the phase of the body control oscillator 2 so
as to coincide with the phase of the body control oscillator 1.

The configuration of the phase comparator 3 is the same as
that of the seli-correcting reference voltage generating circuit
200, but 1s different from the self-correcting reference voltage
generating circuit 200 1n that the internal oscillation clock
CLK2 output from the body control oscillator 2 1s supplied to
the 1input portion IN1 and that the internal oscillation clock
CLK1 output from the body control oscillator 1 1s supplied to
the input portion IN2. Note that the power supply voltages
Vddl and Vdd2 of the body control oscillators 1 and 2,
respectively, are supplied from the outside of the chip.

The reference voltage generating circuit 7A includes the
comparator C1 whose + terminal 1s connected with the output
portion of the loop filter 6, a PMOS transistor P2 which has a
source supplied with the power supply voltage Vdd (which
may be equal to Vdd2) and a gate controlled by an output of
the comparator C1, a depletion-type NMOS transistor N3
whose gate 1s connected to a drain of the PMOS transistor P2,
a PMOS transistor P4 which receives the power supply volt-
age Vdd2 by a source thereof, and an NMOS transistor N4

10

15

20

25

30

35

40

45

50

55

60

65

12

which has a source grounded (GND) and 1s connected in
series with the PMOS transistor P4.

A drain voltage of the PMOS transistor P2 1s supplied to the
body control oscillator 2 as the reference voltage VP, and 1s
also supplied to the — terminal of the comparator C1 and a gate
of the PMOS transistor P4.

Further, the gate ol the NMOS transistor N4 1s connected to
a connection node between the PMOS transistor P4 and 1tself,
and a voltage of the connection node 1s supplied to the body
control oscillator 2 as the reference voltage VN.

In the self-correcting reference voltage generating circuit
300 having the configuration as described above, the power
supply voltage Vdd2 which 1s supplied from the outside
changes, and then the phase of the internal oscillation clock
CLK2, which 1s output from the body control oscillator 2,
changes, whereby the phase comparator 3 outputs the up
signal or the down signal. For example, 1n a case where the
phase of the internal oscillation clock CLK2 1s delayed, the
phase comparator 3 outputs the down signal, and turns on the
NMOS transistor N1 of the charge pump 5 during a period
during which the down signal 1s supplied. Accordingly,
charges are discharged from the NMOS transistor N2 serving
as a capacitor through the NMOS transistor N1, whereby the
output voltage drops.

When the output voltage of the charge pump 5 drops, the
comparator C1 of the reference voltage generating circuit 7A
performs a comparison with the reference voltage VP, and
outputs a control signal such that the PMOS transistor P2 1s
turned ol during a period during which the reference voltage
VP 1s higher.

The reference voltage VP drops when the PMOS transistor
P2 1s turned off and 1s supplied to the internal oscillation clock
CLK2.

The PMOS transistor P4 1s turned on when the reference
voltage VP drops, and the drain voltage of the PMOS transis-
tor P4 rises, which 1s supplied to the internal oscillation clock
CLK2 as the reference voltage VN.

In the PMOS transistor P12 of the inverters IV2 constitut-
ing the body control oscillator 2, an operating speed increases
when the reference voltage VP supplied as the body voltage
drops. In the NMOS ftransistor NT2, the operating speed
increases when the reference voltage VN supplied as the body
voltage rises, which increases the operation of the inverter
IV2. Then, the oscillation frequency of the body control oscil-
lator 2 finally increases, and the phase of the internal oscilla-
tion clock CLK2, which 1s output from the body control
oscillator 2, becomes equal to the phase of the internal oscil-
lation clock CLK1, which 1s output from the body control
oscillator 1, with the result that the phase comparator 3 stops
outputting the down signal. On the other hand, 1n a case where
the phase of the internal oscillation clock CLLK2 1s advanced,
the phase comparator 3 outputs the up signal and operates so
as to mcrease a value of the reference voltage VP.

The self-correcting reference voltage generating circuit
200 shown 1n FIG. 13 1s configured so as to make seli-
correction by controlling the reference voltage Vdd2 corre-
sponding to the power supply voltage of the body control
oscillator 2 but, 1n this case, there arises a need to generate,
based on the reference voltage Vdd2, the power supply volt-
age Vdd2 for causing the actual logic gate to operate 1n the
partially-depleted mode. For that purpose, there 1s required an
internal power supply voltage generating circuit having a
current driving ability for driving the entire logic circuits of
the chip.

In that case, considering the power efficiency and a ratio of
an area occupied by the internal power supply voltage gener-
ating circuit within the chip, the power supply voltage 1s
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desirably supplied from the outside of the chip. If there are
variations 1n the power supply voltage which 1s supplied
externally (for example, 1.2 V and 0.8 V), there arises no
problem when adjustment can be made internally.

The self-correcting reference voltage generating circuit
300 1s capable of meeting such a demand, 1n which the refer-
ence voltage generating circuit 7A generates the reference
voltages VP and VN corresponding to the body voltages VP

(body voltage of the PMOS transistor) and VN (body voltage
of the NMOS transistor), respectively, and corrects voltage

values of the reference voltages VP and VN so that the phase
of the body control oscillator 2 coincides with the phase of the
body control oscillator 1. Accordingly, 1f when there occur
variations in the power supply voltages Vdd1 and Vdd2 which
are supplied from the outside of the chip, the reference volt-
ages VP and VN are corrected to adjust the oscillation fre-
quency.

In a case of employing a system of correcting the body
voltage 1 this manner, the reference voltage generating cir-
cuit 7A can be formed 1n an extremely compact manner
because current consumption 1s smaller 1n the body voltage
compared with the power supply voltage. In addition, reduc-
tion 1n power consumption can be achieved suificiently
because a small power driving ability 1s required for the
internal voltage generating circuit which generates the body
voltages VP and VN based on the reference voltages VP and
VN.

FIG. 15 shows a configuration example of the phase com-
parator 3.

As shown 1n FIG. 15, mput signals supplied to input por-
tions IN1 and IN2 are mverted by inverters G1 and G2,
respectively. An output of the inverter G1 1s input to a NAND
circuit G3, and an output of the NAND circuit G3 1s input to
an inverter G9, a NAND circuit G4 and a four-input NAND
circuit G10.

An output of the inverter G9 1s input to an inverter G12, and
an output of the mverter G12 1s iput to a three-input NAND
circuit G14. An output of the NAND circuit G14 1s supplied to
an inverter G16 and 1s also fed back to the NAND circuit G3.
Then, an output of the inverter G16 becomes an up signal.

An output of the NAND circuit G4 1s mput to the NAND
circuit G10 and the NAND circuit G14 and 1s also input to a
NAND circuit GS, and an output of the NAND circuit G5 1s
input to the NAND circuit G4. An output of the NAND circuit
(510 1s input to the NAND circuit G14 and 1s also 1input to the
NAND circuit G5.

An output of the inverter G2 1s input to a NAND circuit G8,
and an output of the NAND circuit G8 1s mnput to an imnverter
(11, a NAND circuit G7 and the NAND circuit G10.

An output of the inverter G11 1s mput to an inverter G13,
and an output of the inverter G13 1s nput to a three-input
NAND circuit G15. An output of the NAND circuit G15 1s
supplied to an inverter G17 and 1s also fed back to the NAND
circuit G8. Then, an output of the mverter G17 becomes a
down signal.

An output of the NAND circuit G7 1s mput to the NAND
circuit G10 and the NAND circuit G15 and 1s also mnput to the
NAND circuit G6, and an output of the NAND circuit G6 1s
input to the NAND circuit G7. An output of the NAND circuit
(510 1s input to the NAND circuit G14 and 1s also 1input to the
NAND circuit G6. Note that the output of the NAND circuit
(510 1s mput to the NAND circuit G6 and 1s also 1mnput to the
NAND circuit G135.

D. First Modification

The first to third embodiments above describe the configu-
ration 1n which MOS transistors constituting a logic gate are
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configured such that a depletion state of the body changes due
to a change 1n power supply voltage, and an operating speed
1s controlled by controlling body potential of the MOS tran-
sistors. However, there may be employed a gate-body-di-
rectly-connected structure in which the body 1s connected to
the gate.

FIG. 16 shows a ring oscillator composed of MOS transis-
tors having the gate-body-directly-connected structure.

As shown 1n FIG. 16, each of a plurality of mnverters 1V 3
constituting the ring oscillator 1s composed of a PMOS tran-
sistor PT3 and an NMOS transistor NT3 which are inverter-
connected, where configuration 1s made such that a power
supply voltage Vdd 1s supplied to a source of the PMOS
transistor P13, a body thereof 1s directly connected to a gate
thereof, a source of the NMOS transistor NT3 1s grounded
(GND), and a body thereotf 1s directly connected to a gate
thereof. Note that 1n the PMOS transistor P13 and the NMOS
transistor N'T3, a thickness of the SOI layer and a channel
dose are set so that the body changes from the partially-
depleted state to the fully-depleted state when the power
supply voltage 1s changed.

FIG. 17 and FIG. 18 show a configuration example of the
gate-body-directly-connected structure.

FIG. 17 1s a plan view of the MOS transistor when viewed
from above the gate electrode GT, in which the body 1is
located 1n the region below the gate electrode G'T sandwiched
between the source/drain layers SD, and a part thereof
extends up to an outside of one end of the gate electrode GT
in a direction along a gate width to be exposed as the body
contact region BCR. The body contact BC 1s connected to the
body contact region BCR and 1s connected to the gate contact
GC connected to the gate electrode GT, whereby the gate and
the body are electrically connected to each other.

FIG. 18 1s a perspective view showing the other configu-
ration example for body fixing, which is the same as the case
of FIG. 17 1n that the body BR 1is located in the region
sandwiched between the source/drain layers SD below the
gate electrode G'T. However, the body BR not only extends to
the outside of one end of the gate electrode GT 1n the direction
along the gate width but also extends so as to surround the
source/drain layers SD. This part becomes the body contact
region BCR. One end of the gate electrode GT 1n the direction
along the gate width extends above the body contact region
BCR through the intermediation of a trench 1solation film (not
shown). Accordingly, 1t 1s possible to electrically connect the
gate and the body to each other by forming a gate-body-
directly-connected contact GBC which penetrates through
the end 1n a thickness direction and further penetrates through
the trench 1solation film to reach the body contact region

BCR.

FIG. 19 and FIG. 20 schematically show a state 1n which
the body changes from the partially-depleted state to the
tully-depleted state due to a change in power supply voltage
in a case of the gate-body-directly-connected structure. FIG.
19 schematically shows the body BR during operation of an
N-channel MOS transistor in a case where the power supply
voltage Vdd2=0.5 V, where 1n a case in which gate voltage
within a range of 0V to Vdd2 1s applied to the gate electrode
GT, there remains a region (P~ region) which is not depleted
in the deepest part of the SOI layer SI, and the body BR 1s
brought into the partially-depleted state. It is revealed that the
N-channel MOS transistor operates at lower power supply
voltage compared with the case of body fixing which has been
described with reference to FIG. 5.

FIG. 20 schematically shows the body BR during operation
of an N-channel MOS ftransistor in a case where the power
supply voltage Vdd1=0.8 V, where 1n a case 1n which gate
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voltage within a range of 0 V to Vddl1 1s applied to the gate
clectrode GT, a depletion layer spreads, whereby the body BR

1s brought into the fully-depleted state. It 1s revealed that the
body BR 1s fully depleted at a lower power supply voltage
compared with the case of body fixing which has been
described with reference to FIG. 6.

In general, an NMOS transistor has a characteristic that 1t 1s
casily turned on because a threshold value drops when the
body voltage rises, and the body voltage rises together with
the gate voltage 1in a case where the gate-body-directly-con-

nected structure 1s employed i an SOI device. This 1s
described 1 Y. Hirano et al., IEDM, pp. 335-38, December

2003.

As described above, the gate-body-directly-connected
transistor 1s capable of further reducing the power supply
voltage, which 1s an effective technique for at ultra-low volt-
age operation in the future. MOS transistors constituting a
logic gate are configured such that a depletion state of a body
changes due to a change 1n power supply voltage, and a body
potential of the MOS transistor 1s controlled by directly con-
necting a gate and a body to each other, which enables high-
speed operation at much lower voltage.

E. Second Modification

In the semiconductor integrated circuit device 100 which
has been described with reference to FIG. 1, the description
has been given assuming that a body voltage control type
logic gate 1s fully applied 1n the logic circuit LC and a body
voltage control type logic gate 1s partially applied in the
memory circuit MC. However, there may be employed a
configuration in which all circuits are composed of body
voltage control type circuits 1in advance and two types of lines
composed of a voltage-fixed line (non-power-down compli-
ant) and a voltage-controlled line (power-down compliant)
are wired as power supply lines for supplying from the out-
side.

That 1s, as a semiconductor integrated circuit device 100A
shown 1n FIG. 21, a plurality of external power supply lines
GL1 (voltage-fixed lines) and external power supply lines
GL2 (voltage-controlled lines) are arranged so as to extend
over the entire chip. One external power supply line GL2 1s
disposed every two external power supply lines GL1, and the
external power supply lines GL2 are disposed so as to be
located above all circuits.

When such a configuration 1s employed, for example, in
order to configure the logic circuit LC as a circuit capable of
operating at the power supply voltage of, for example, 1.2V
or 0.8 V, configuration may be made so that logic gates con-
stituting the logic circuit LC are supplied with the power
supply voltage from the external power supply line GL2. In
that case, any of the external power supply lines GL1 on the
logic circuit LC may be used for supply of a ground potential.
It 1s possible to use the logic circuit LC 1n the tully-depleted
mode by supplying the MOS transistors constituting the logic
gate with the power supply voltage of 1.2 V during a normal
operation and to use the logic circuit LC 1n the partially-
depleted mode by supplying the MOS transistors with the
power supply voltage o1 0.8 V during stand-by. Accordingly,
it 15 possible to obtain a semiconductor ntegrated circuit
device in which a reduction in voltage and a reduction 1n
power consumption are achieved.

As described above, a plurality of types of power supply
lines to be connected to circuits are prepared and a combina-
tion of the power supply line and the circuit 1s determined in
accordance with use of a chip, whereby 1t 1s possible to obtain
a semiconductor integrated circuit device corresponding to a

10

15

20

25

30

35

40

45

50

55

60

65

16

required specification. Accordingly, verification work 1s
reduced compared with a case of separately manufacturing

the body voltage control type and body voltage fixed type
logic gates for each specification, which enables a reduction
in manufacturing cost.

F. Fourth Embodiment

Finally, as a fourth embodiment of the semiconductor inte-
grated circuit device according to the present invention,
description will be given of a configuration 1n which the
self-correcting reference voltage generating circuit 200
shown i FIG. 13 1s incorporated in a system-on-a-chip
(SOC) as an on-chip regulator.

First, with reference to FIG. 22, description will be given of
a typical configuration in a case where power 1s supplied to an
SOC circuit SC 1n which a logic circuit used 1n a mobile
device and the like are incorporated for comparison.

As shown 1n FIG. 22, the SOC circuit SC includes a low-
power circuit CCO (first semiconductor integrated circuit)
which needs to be applied with power even 1n a case where a
main power switch of a mobile device 1s turned off, a large-
scale memory CC2 (second semiconductor integrated circuit)
which 1s a DRAM {for graphic rendering or the like, and a
large-scale logic circuit CC3 (second semiconductor inte-
grated circuit) for control of a liquid crystal display (LCD),
such as a micro processing unit (MPU) and a digital signal
processor (DSP).

The low-power circuit CCO includes, for example, a logic
circuit which consumes low power, a clock timer, a counter,
and a data holding memory, which 1s configured so that a
power supply voltage of 0.8 V 1s constantly supplied from a
regulator chip RC1 provided to an outside of a chip.

On the other hand, the large-scale memory CC2 and the
large-scale logic circuit CC3 are circuits which are not
required to operate during stand-by of a mobile device, which
are configured so that a power supply voltage of 1.2 V 1s
supplied from a regulator chip RC2 provided to the outside of
the chip during normal operation (normal mode), whereas
voltage supply 1s individually interrupted by changeover
switches SW1 and SW2 during stand-by (stand-by mode).

The reason why the configuration as described above 1s
employed 1s that 1deally, all circuits of the SOC circuit SC
should be driven at the power supply voltage of 0.8 V because
the power supply voltage 1s desired to be low 1n terms of
power consumption. However, 0.8 V 1s a minimum operating
voltage of a DRAM or an SRAM, and thus the large-scale
memory CC2 does not operate, and an influence of voltage
drop due to interconnection resistance 1s large. Therelore,
only the low-power circuit CCO 1s driven at 0.8 V and other
circuits are driven at 1.2 V.

For this reason, two types of external regulator chips 01 0.8
Vand 1.2V are required. In addition, between the low-power
circuit CCO and the large-scale logic circuit CC3, there 1s
provided a signal transfer system between different potentials
ST because the need to transfer a signal between different
potentials arises.

In this manner, regulator chips are individually prepared
for two types of operating voltages, but the regulator chips
RC1 and RC2 decrease a voltage of 3 V supplied from, for
example, a power source PW such as a lithium 10n battery and
output voltages of 0.8 V and 1.2 V, respectively. Therelore,
their footprints are large, and thus large occupying areas are
required, which prevents miniaturization of a device and also
leads to an 1ncrease 1n manufacturing cost.

Further, the signal transfer system between different poten-
tials ST has complicated configuration and design and thus,
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for example, a longer period 1s required for verification, lead-
ing to an 1ncrease 1 design cost.

FI1G. 23 shows a configuration in which the seli-correcting
reference voltage generating circuit 200 shown 1n FIG. 13 1s
used as a voltage source o1 0.8 V. Note that the same configu-
rations as the configurations shown 1n FI1G. 22 are denoted by
the same reference symbols, and overlapping description will
be omitted.

As shown in FIG. 23, an SOC circuit SC1 includes a

low-power circuit CC1 (first semiconductor integrated cir-
cuit), the large-scale memory CC2, the large-scale logic cir-
cuit CC3, and a self-correcting on-chip regulator OR (seli-
correcting power source) which outputs a voltage of 0.8 V.
The self-correcting reference voltage generating circuit 200

shown 1n FIG. 13 1s used as this self-correcting on-chip regu-

lator OR.

The SOC circuit SC1 1s configured so that it 1s supplied
with apower supply voltage o1 1.2 V from aregulator chip RC
provided to the outside of the chip, which becomes a power
supply voltage of the large-scale memory CC2 and the large-
scale logic circuit CC3 in the normal mode but, 1n the stand-
by mode, voltage supply 1s individually interrupted by the
changeover switches SW1 and SW2. Note that the power
supply voltage of 1.2 V supplied from the regulator chip RC
also becomes a power supply voltage of the self-correcting
on-chip regulator OR. On the other hand, the low-power
circuit CC1 1s configured to be supplied with a power supply
voltage of 1.2 V 1n the normal mode, and to be supplied with
an output voltage of 0.8 V of the self-correcting on-chip
regulator OR by a changeover switch SWO0 1n the stand-by
mode.

The low-power circuit CC1 includes a low-power-con-
sumption logic circuit, a clock timer, a counter, a data holding
memory and the like as 1n the case of the low-power circuit
CCO0 shown 1n FIG. 22. However, their logic gates are con-
figured by using MOS transistors 1n which switching 1s made
between the fully-depleted mode and the partially-depleted
mode 1in a case where the power supply voltage changes,
whereby an operating frequency does not change.

That 1s, 1if a logic gate which 1s formed exactly 1n the same
manner as the imverters IV1 and 1V2 constituting the body
control oscillators 1 and 2 of the seli-correcting reference
voltage generating circuit 200 shown in FIG. 13, respectively,
1s used 1n the low-power circuit CC1, the logic gate 1s brought
into the fully-depleted mode 1n a case where the power supply
voltage 1s 1.2 V. For example, 11 the oscillation frequency 1s
232 MHz, 1t 1s possible to obtain a logic gate whose delay time
per stage 1s 4 nsec/ 100=40 psec.

Further, in a case where the power supply voltage 1s 0.8 V,
the body voltage VP 1s 0V, and the body voltage VN 15 0.8 V,
the partially-depleted mode 1s obtained. Also 1n this case, 1t 1s
possible to obtain a logic gate whose delay time per stage 1s 40
psec.

Therefore, 1n the low-power circuit CC1, the operating
frequency 1s the same 1n cases where the power supply volt-
age 1s 1.2V and 0.8 V. Even 1n the case of the stand-by mode,
the same operation as that of the normal mode 1s enabled.

Further, as described with reference to FIG. 13, the self-
correcting reference voltage generating circuit 200 makes
seli-correction such that the reference voltage Vdd2 1s kept at
0.8 V, and a stable output voltage o1 0.8 V can be obtained 1f
the reference voltage Vdd2 1s taken as an output voltage,
which 1s suitable for a voltage source. Note that an output
voltage of 1.2 V of the regulator chip RC 1s supplied as the
power supply voltages Vdd and Vdd1 1n the seli-correcting,
reference voltage generating circuit 200.
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As described above, the self-correcting reference voltage
generating circuit 200 1s used as the seli-correcting on-chip
regulator OR, and the power supply voltage of 0.8 V 1s gen-
erated 1n the SOC circuit SC1, whereby only one type of a
regulator chip 1s required. Accordingly, an area occupied by a
regulator chip 1s reduced, and a manufacturing cost is reduced
as well.

In the normal mode, the low-power circuit CC1 and the
large-scale logic circuit CC3 operate at 1.2 'V, and thus a signal
transier system between difierent potentials 1s not required,
which prevents an increase 1n design cost.

While the mmvention has been shown and described 1n
detail, the foregoing description 1s 1n all aspects 1llustrative
and not restrictive. It 1s therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

The invention claimed:

1. A semiconductor integrated circuit device comprising a
plurality of logic gates, wherein:

cach of said plurality of logic gates includes MOS transis-

tors, the MOS transistors having, 1n accordance with a
power supply voltage, two states of a partially-depleted
state 1n which a region which 1s not depleted remains 1n
a channel region and a fully-depleted state 1n which said
channel region 1s Tully depleted;

said MOS transistors are configured so that a body includ-

ing said channel region 1s electrically separated from a
semiconductor substrate and a potential of said body 1s
set to an appropriate potential; and

said body 1s applied with a positive body voltage in said

partially-depleted state so that an operating speed 1n a
case where first power supply voltages indicating said
partially-depleted state are supplied 1s equal to an oper-
ating speed 1n a case where a second power supply
voltage indicating said tully-depleted state 1s supplied.
2. The semiconductor integrated circuit device according
to claim 1, wherein:
satd MOS transistors are formed on an SOI substrate
including said semiconductor substrate, a buried oxide
f1lm disposed on said semiconductor substrate, and an
SOI layer disposed on said buried oxide film; and

said body 1s formed within a surface of said SOI layer, a
periphery thereof being surrounded by an 1solation 1nsu-
lating film.

3. The semiconductor integrated circuit device according,
to claim 2, wherein said body of said MOS transistor 1s
applied with, as said body voltage, a voltage higher than a
ground potential in a case of an N-channel MOS transistor
and a voltage lower than said power supply voltage 1n a case
of a P-channel MOS transistor.

4. The semiconductor integrated circuit device according,
to claim 1, wherein a delay amount of each of said plurality of
logic gates changes discontinuously at said power supply
voltage becoming a border between said partially-depleted
state and said fully-depleted state of said MOS transistor.

5. The semiconductor integrated circuit device according
to claim 2, wherein said body and a gate of said MOS tran-
sistor are electrically connected to each other.

6. The semiconductor integrated circuit device according
to claim 1, wherein:

said first power supply voltages are supplied from an out-

side;

said second power supply voltage 1s generated 1n said semi-

conductor integrated circuit device by an internal volt-
age generating circuit; and
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said internal voltage generating circuit includes:

a first ring oscillator driven by said first power supply
voltage and composed of said MOS transistors;

a second ring oscillator driven by said second power
supply voltage and composed of said MOS transis-
tors;

a phase comparator comparing phases of first and sec-
ond frequencies at which said first and second ring
oscillators oscillate, respectively; and

a correction circuit correcting, based on a comparison
result by said phase comparator, said second power
supply voltage supplied to said second ring oscillator
so that said second frequency i1s equal to said first
frequency.

7. The semiconductor integrated circuit device according

to claim 1, wherein:

said first and second power supply voltages are supplied
from an outside;

said body voltage applied to said body of said MOS tran-
sistor 1s generated 1n said semiconductor integrated cir-
cuit device by an internal voltage generating circuit; and

said internal voltage generating circuit includes:

a first ring oscillator driven by said first power supply
voltage and composed of said MOS transistors;

a second ring oscillator driven by said second power
supply voltage and composed of said MOS transis-
tors,;

a phase comparator comparing phases of first and sec-
ond frequencies at which said first and second ring
oscillators oscillate, respectively; and

a correction circuit correcting, based on a comparison
result by said phase comparator, said body voltage
applied to said body of said MOS transistors consti-
tuting said second ring oscillator so that said second
frequency 1s equal to said first frequency.

8. The semiconductor integrated circuit device according,
to claim 6, wherein:
said semiconductor mtegrated circuit device includes:

a first semiconductor 1integrated circuit;

second semiconductor integrated circuits; and

a self-correcting power source outputting said second
power supply voltage with said first power supply
voltage supplied from said outside being as an oper-
ating voltage;

said self-correcting power source includes said internal
voltage generating circuit and outputs said second power
supply voltage corrected by said correction circuit;

said first semiconductor integrated circuit includes said
plurality of logic gates, 1s supplied with said first power
supply voltage during normal operation of said semicon-
ductor integrated circuit device, and 1s supplied with
said second power supply voltage lower than said first
power supply voltage during stand-by of said semicon-
ductor integrated circuit device;

said second semiconductor integrated circuit 1s supplied
with said first power supply voltage during normal
operation ol said semiconductor integrated circuit
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device, and supply of said first power supply voltages 1s
interrupted during stand-by of said semiconductor inte-
grated circuit device;

said first and second semiconductor integrated circuits and
said self-correcting power source are formed on a com-
mon SOI substrate including said semiconductor sub-
strate, a buried oxide film disposed on said semiconduc-
tor substrate, and an SOI layer disposed on said buried
oxide film; and

said body 1s formed within a surface of said SOI layer, a
periphery thereof being surrounded by an 1solation 1nsu-
lating film.

9. A semiconductor integrated circuit device, comprising:

a first semiconductor integrated circuit;

second semiconductor integrated circuits; and

a power source outputting a second power supply voltage
with a first power supply voltage supplied from an out-
side being as an operating voltage, wherein:

said first semiconductor integrated circuit 1s supplied with
said first power supply voltage during normal operation
of said semiconductor integrated circuit device, and 1s
supplied with said second power supply voltage lower
than said first power supply voltage during stand-by of
said semiconductor integrated circuit device;

said second semiconductor itegrated circuit 1s supplied
with said first power supply voltage during normal
operation of said semiconductor integrated circuit
device, and supply of said first power supply voltage 1s
interrupted during stand-by of said semiconductor inte-
grated circuit device;

said first semiconductor integrated circuit and said power
source comprise a plurality of logic gates including
MOS ftransistors having, in accordance with a power
supply voltage, two states of a partially-depleted state 1n
which a region which 1s not depleted remains 1n a chan-
nel region and a fully-depleted state in which said chan-
nel region 1s fully depleted;

said MOS transistors are configured so that a body includ-
ing said channel region 1s electrically separated from a
semiconductor substrate and a potential of said body 1s
set to an appropriate potential;

said body 1s applied with a positive body voltage 1n said
partially-depleted state so that an operating speed 1n a
case where said first power supply voltage indicating
said partially-depleted state 1s supplied 1s equal to an
operating speed 1n a case where said second power sup-
ply voltage indicating said fully-depleted state 1s sup-
plied;

said first and second semiconductor integrated circuits and
said power source are formed on a common SOI sub-
strate 1ncluding a semiconductor substrate, a buried
oxide film disposed on said semiconductor substrate,
and an SOI layer disposed on said buried oxide film; and

said body 1s formed within a surface of said SOI layer, a
periphery thereot being surrounded by an 1solation 1nsu-
lating film.
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